I. Introduction
Why do countries trade intermediate inputs? Recent studies have documented that trade in intermediate inputs is a large and growing fraction of overall trade 1 . With this documentation has come an increasing interest in explaining why this trade takes place and whether it is in important ways different from trade in final goods. For example, input trade may be driven by factor endowment differences (as in Arndt, 1997 Arndt, , 1998 Deardorff, 2001a Deardorff, , 2001b , by the balance of scale economies vs. trade costs (as in Venables, 1995,1996; Venables, 1996) , by multinational firms seeking to trade specialized inputs on an intra-firm basis (as in Helpman, 1984; Zhang and Markusen, 1999; Venables, 1999) . Many of these motivations and explanations simply borrow theoretical determinants from the larger literature on trade in final consumer goods.
We extend a standard model of international trade with intermediate inputs. This model, originally due to Venables (1995, 1996) , is widely used in literatures on international trade and agglomeration economies. It assumes a strong form of symmetry between intermediate and final goods: the sensitivity of a good's demand to relative prices and trade costs is assumed to be independent of its "end-use". We derive an implication that, for a given industry, the input share of bilateral trade depends exclusively on the industrial absorption share of intermediates from that industry. That is, the intermediate input share of bilateral trade in an industry should not be explained by factor and trade costs once its industrial absorption share is controlled for. An empirical failure of the theory would instead imply that the effect of factor costs and trade barriers is not symmetric across final and intermediate international flows.
We empirically test this prediction using a unique dataset, the Asian International Input-Output Tables. These tables allow This is not the first paper to look at input trade and its determinants; however, existing papers have two important flaws: they require definitions of intermediate vs.
final goods that are problematic, and they lack information on where the input is used. In a typical approach researchers examine the definition of particular product codes with the SITC or HS nomenclatures and then determine whether the code in question is an intermediate or final good. Examples include the UN's BEC or "Broad Economic
Category" classification, and the US "end use" classifications. Several authors have also identified intermediates as those goods whose product code definitions include the words "parts" or "components". Of course, any such division is arbitrary --including goods that are not intermediates and excluding goods that are intermediates. For example, many chemical compounds are inputs into production, in some sense "parts", but are categorized by their appropriate molecular name.
Similarly, the same product can be both an input and a final good. Many food products such as wheat flour are both inputs (for restaurants and food processing firms) and final consumer goods. Automobile tires are purchased both by firms as an input into car production, and by final consumers installing tires on their cars. In both examples, tires and wheat flour are used in similar manners by firms and consumers, the primary differences being who is doing the assembly, whether the "assembled" good is now tradeable, and whether the assembler can change locations in response to cost pressures. For example, the firm that uses tires or wheat flour can assemble them into a trade-able good, and that firm is itself internationally mobile, potentially relocating production to be close to input supplies. In contrast, the assembly by the household is for use by the household not for trade, and the household is not internationally mobile.
This point suggests that when explaining the sourcing of intermediates and the extent of vertical specialization one would also like to know where inputs are used. One country may import ball bearing while another imports machine tools --this may reflect differences in their comparative advantage in ball bearing vs. machine tools, or it may simply reflect differences in which industries use these inputs. This suggests a second problem with using an "intermediates" definition with simple trade data --machine tools and ball bearings are likely employed in many different industries. multinational firms may span multiple industries, making it difficult to draw inferences about the role of the "using" industry.
II. Data Description
Our empirical analysis uses the Asian International Input-Output (AIO, henceforth) tables for the reference years of 1975, 1985, 1990, 1995 and 2000 . These tables contain information on ten national Input-Output tables: China, Indonesia, Japan, Korea, Malaysia, the Philippines, Singapore, Taiwan, Thailand and the United States 2 .
Bilateral details are retrieved exploiting trade data.
The special feature of the AIO tables is that transactions in intermediates and final goods are distinguished on the basis of country-specific surveys. The distribution by source country of imported intermediates employs a proportionality assumption according to which a country imports intermediates of a particular good from a given source country in proportion to the share of bilateral imports in the destination country's total imports of that good. Accordingly, the amount of intermediate good g used for production of good h, where g is produced by country j and h by country i,
ji M g h , is imputed as follows:
. Imports ( ) ( , ) * ( , ) . Imports ( ) In Table 1 we report statistics on the importance of input trade for each country and each year. Panel A reports IT/GO --imported inputs as a share of gross output in trade-able sectors of the economy. In larger economies (the US, Japan, China, Indonesia) the IT/GO ratio is quite small. This may reflect the greater availability and diversity of domestically produced inputs. For the remaining economies, imported inputs represent a significant fraction of gross output --as high as one quarter for Malaysia and Singapore.
The final column of panel A shows that imported inputs as a fraction of gross output are growing very rapidly in all countries except Korea. Finally, input trade is a two-way street. In Panel C we reverse the perspective and examine the importance of exported inputs as a share of total exports for each country.
Here we see growth in exported inputs for Japan, Korea, Taiwan and Singapore, but shrinkage for the remaining countries. The patterns revealed in Panels B and C for Japan are especially interesting. They indicate a shift away from assembly and a shift toward provision of inputs for assembly elsewhere.
III. Model
In this section we extend a standard model of international trade with intermediate inputs. This model is originally due to Venables (1995, 1996) , and is also used in Hillberry and Hummels (2002) and Redding and Venables (2004) . It assumes a strong form of symmetry between intermediate and final goods: the sensitivity of a good's demand to relative prices and trade costs is assumed to be independent of its "enduse". We derive an implication that, for a given industry, the input share of bilateral trade depends exclusively on the industrial absorption share of intermediates from that industry. That is, the intermediate input share of bilateral trade in an industry should not be explained by factor and trade costs once its industrial absorption share is controlled for.
We follow the model derivation and extension in Hillberry-Hummels (2002) ,
where h η is the consumers' expenditure share in varieties of sector h, and σ is the elasticity of substitution betweens pairs of differentiated varieties. Let σ be the same for all sectors h.
Firms use two primary factors, capital (K) and labor (L), and intermediates for the production of a given variety. Both factors are perfectly mobile within a country but immobile across countries. Each variety/good is used for consumption and production. In order to produce a variety of good h firms in country i use fixed and marginal quantities of a composite input Z which consists of labor, capital and intermediates: M is the bundle of intermediates from sector g used in the production of good h.
where g gh n m is the quantity of a firm's output from sector g used in sector h. We assume the elasticity of substitution between varieties of intermediates is the same across sectors and equal to the elasticity of substitution in demand 4 .
Given the description of technology in (2), industry h spends a proportion h g μ of total costs/revenues in intermediates from sector g: We have assumed that utility is CES over distinct varieties of good g. This implies that final consumer demand for each variety of good g originating in exporter j can be written
Industrial demands arising from sector h for good g are the same, except that we replace the share of consumer income spent on good g,
Summing over all using industries we arrive at country i's total industrial use for good g sold by exporter j
Adding together final consumer and industrial demands for a variety of good g produced in country j we have 4 The implication we focus on in this paper holds as long as the elasticity of substitution between varieties of a given good is independent of its "end-use".
where total expenditure on good g by importer i is
Expressions (7) and (8) give us the quantity consumed for a single variety. To translate that into total expenditures, we multiply by the number of distinct varieties produced by exporter j, g j N , and the price per variety, to yield
Industrial expenditures on good g produced by exporter j arising from using sector h in
Equations (10) and (9) are complicated expressions involving many hard to measure variables. But note that by taking a ratio of the two we eliminate all these variables except for the expenditures shares
We also find it useful to construct total expenditures on input g from country j by summing over all using sectors h. That yields
Taking the ratio of (12) and (9) we have input trade as a share of total trade: (11) and (13), and formally examine both hypotheses.
IV. Empirics
As a starting point we use AIO tables data to estimate fairly standard gravity style regressions motivated by equations (9) and (10). We first relate sales of inputs g from exporter j to importer i to be used in industry h to the determinants of trade suggested by equation (10).
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where g ji tar as the tariff rate on country i's imports of good g produced by country j, 
Results are reported in the first two columns of Table 2 6 . The gross output and expenditure variables are highly significant in both regressions as are the trade cost measures distance, contiguity, and common language. Differences in factor endowments are highly significant for total trade (countries trade with partners with different endowments) but not for input trade.
The next step is to examine whether input trade and total trade depend on different determinants, or on the same determinants to a different degree. We use the Asian IO table data to calculate the left and right hand side of equation (13) for each industry g that exporter j ships to importer i. In Figure 1 we display values for the US as importer, buying 30 goods g from 9 different exporters, for 270 observations. We plot the intermediate input share of total US imports of g from j, separately for each year in the sample. In each year, for each sector's industrial absorption share we observe more than one value of the input share of bilateral trade, i.e., the intermediate inputs share of bilateral trade is not independent of the source country. equation (13) for each of the Asian IO country importers in each year. We find positive correlations between the left and right hand side of equation (13) for all countries and years, but these correlations are far from 1. (11) we estimate the following model:
where gh jit ε is a normally distributed random error. According to the theory, in each time period, the estimated coefficient for the constant should be zero and that of the slope equal to one. We pool over all i-j-g-h variation, estimate separate samples for each year, and report results in Table 4 .
Two things are notable in this table. First, the estimated coefficients are statistically different from the prediction of 1 but they are large and highly significant, and the simple model explains approximately 70 percent of the variation in the input to total trade ratio. 8 Second, the intercepts are negative rather than the predicted zero. This suggests that input trade relative to total trade is much lower than the model predicts.
What causes deviations of input trade from the baseline prediction in equations (11) and (13)? One particular deviation of the data from the model can be seen by noting that many of the input trade shares in Figure 1 line up at zero. These are cases where an importer's industrial absorption share for a given good is positive while its input share of bilateral trade is zero. This turns out to be a common pattern. In Table 5 we display the frequency of unpredicted zeros, that is, cases where industrial input expenditures are positive but input trade from a particular source country is zero. The first row sums over all using industries h for a given i-j-g triplet, while the second row calculates the frequency for each i-j-g-h case. When summing over all using industries, unpredicted zeros occur between 11 and 22 percent of the time. When considering each using industry separately the number rises substantially, to between 28 and 44 percent of cases.
In both rows, the frequency of unpredicted zeros drops substantially over time.
What does this tell us? Simply that input demands are much more highly specialized than consumer demands. In the simple model above both consumers and producers have love of variety in their utility/cost functions which causes them to buy goods from all available sources. That is manifestly not the case with input trade --producers buy from a much narrower set of suppliers. That is precisely what one would expect if the inputs themselves were specifically adapted to particular end products.
We now examine whether, once expenditures are controlled for, the intermediate input shares depend on other arguments in equation (10) The first specification we estimate adds bilateral trade cost controls to the baseline regression, as follows:
8 These results are robust to the following changes: inclusion of year and/or source-destination sector fixed effects, and exclusion from the sample observations on the input shares of domestic intermediates. log log log( )
where HOME is an indicator variable that takes on one if the input share of bilateral trade is actually the input share of domestic intermediates in total consumption of domestic varieties. We estimate equation (17) separately for each year and report results in Table   6 .
Several things are notable about the results. Expenditures shares are again large and positive and close to one. Bilateral distance has no effect on the input share of trade but the other trade cost measures do. Contiguous countries have a larger than predicted share of input trade, as do countries sharing a common language. But the largest effect is the HOME dummy. In all years except for 1975, the ratio of input to total trade is far greater for domestic than for foreign suppliers. Recall, if trade costs are symmetric for inputs and final goods their effect should wash out when we take the ratio in equation Next, we eliminate domestic shipments from our sample and focus only on international trade. We also include variables intended to capture factor endowment differences. To explain, our model predicts that bilateral trade flows for a given variety depend on its price relative to the average domestic price for similar varieties. As prices depend on factor costs and the domestic price index for each good is mostly determined by domestic varieties, factors abundance differences affect the level of bilateral trade flows. However, under the null hypothesis in equation (11), the input share of bilateral trade is not responsive to factor abundance differences across trade partners.
We use two specifications. In the first we exploit the strong positive correlation between a country's per capita GDP and its capital-labor endowment to proxy factor abundances in each year to estimate:
where the absolute difference in GDP per capita of trading partners proxies for their difference in relative factor endowments. The results in Table 7 show that per capita income differences do affect input shares of bilateral trade even after controlling for expenditures. In particular, an increase of 1% in the gap of countries GDP per capita decreases the input share of bilateral trade, on average and ceteris paribus by 0.07% 9 .
This effect is precisely estimated in each year with the exception of 1990. It then appears that factor costs differentials affects trade in intermediates and final goods asymmetrically.
Finally, we use explicit measures of capital/labor ratios along with tariffs for the year 2000 only 10 and estimate:
The third column of table 2 reports our findings. Input shares of bilateral trade are lower the higher is the tariff imposed on the imported intermediate and the larger is the gap in countries relative factor endowments. Results are in line with our previous estimates.
IV.1 Growth Regressions
An additional implication of the theoretical model outlined in section III is that the growth rate of intermediate input shares of bilateral trade equals the growth rate of industrial absorption shares. This becomes immediately apparent taking logs of equation (11) and the difference between two time periods: 1 1 log log log log
We relate changes in the input share of trade to changes in the industrial absorption share, along with additional trade cost controls using the following specification:
We estimate changes between each of the 5 year data windows, as well as pooling all the changes into a single regression. The estimates in Table 8 
V. Conclusions
In this paper we examine the determinants of input trade. We employ an extension of a widely used model of intermediate input trade in which inputs and final goods are considered symmetric up to differences in expenditure shares. This provides a null hypothesis that inputs and final goods are determined by the same factors.
Our estimates provide the following insights. One, the extent of industrial absorption relative to final consumption as measured by input-output tables does help explain the input share of trade. Two, contrary to the maintained assumption of symmetry from our null hypothesis, this is not the only determinant of input trade. Input trade is more likely to be characterized by zeros, less sensitive to factor endowment differences than final goods trade, and more sensitive to trade costs as measured by home bias, contiguity and common language. However, the role of home bias and contiguity is eliminated by the year 2000, consistent with the popular view of the internationalization of input trade. 
